Summary. Plasmalogenase activity was 67 ~ higher in the brains of dogs with demyelination resulting from canine distemper than in brains of age-matched control dogs. The finding that plasmalogenase activity was highest in the tissues with least severe demyelination suggests that plasmalogenase acts early in the process of demyelination. The elevation of plasmalogenase activity and loss of plasmalogen which occurs in other demyelinating diseases indicates that plasmalogenase is part of a common catabolic mechanism by which demyelination proceeds.
Introduction
The enzymic processes responsible for the initiation of demyelination are poorly understood despite numerous chemical analyses and morphological studies. White matter from which myelin has been lost as a consequence of multiple sclerosis (Gerstl et a[.) and subacute sclerosing panencephalitis (Norton et al., 1966b; Svennerholm) in man and swayback in sheep (Howell et al., 1964 (Howell et al., , 1969 contains abnormally low amounts of the myelin lipids cholesterol, galactolipid and ethanolamine plasmalogen. Each of these myelin components must be catabolized or removed from the brain. Plasmalogenase (1-alk-l'-enyl-2-acyl-snglycero-3-phosphorylethanolamine alk-l'-enyl hydrolase) initiates the catabolism of ethanolamine plasmalogen by hydrolysis of its vinyl ether linkage to release a fatty aldehyde (Ansell and Spanner, 1965) . The enzyme is located primarily in white matter but not within myelin. An elevation of plasmalogenase activity has been found in partially demyelinated white matter resulting from multiple sclerosis in a human patient and avitaminosis B12 in monkeys (Ansell and Spanner, 1968) , suggesting a common catabolic mechanism in demyelination caused by apparently unrelated factors (Eto et al.) .
Canine distemper is a common viral disease of dogs and is often associated with parainfectious demyelination. This naturally occurring disease may be a useful model for clarification of the role of plasmalogenase in the initiation of demyelination.
The purpose of the present investigation was to determine if plasmalogenase activity in the brains of dogs with demyelination resulting from canine distemper infection is higher than the plasmalogenase activity in the brains of normal dogs. This investigation would further test the hypothesis that plasmalogenase is involved the in enzymic degradation of myelin in all demyelinating diseases.
Materials and Methods
Dogs with a clinical diagnosis of canine distemper encephalomyelitis were received alive from The Ohio State University Veterinary Hospital. Following a thorough neurological examination, the dogs were anesthetized with intravenous sodium pentobarbitol and exsanguinated. A 0.5 cm thick transverse section was obtained at the level of the corpora restiformia to include cerebellum, the posterior cerebellar brachia and medulla which are established predilection sites for distemper-associated demyelination (Jubb and Kennedy) . The slices of cerebellum and medulla were stored separately at --50~ until assayed for plasmalogenase activity. Adjacent tissue was fixed in neutral buffered formalin for histological examination. The formalin-fixed tissue was embedded in paraffin, sectioned at 6 ~z and stained with hematoxylin and eosin (H & E) and with Luxol fast blue-periodic acid Schiff (PAS). Brain tissue from control dogs, which were of comparable age but free from clinical signs of distemper, was obtained from the same areas and treated in an identical manner.
Fourteen tissue samples from 8 diseased an 8 control dogs were paired according to the age of the dog and anatomical origin of the tissue. Plasmalogenase activities were measured simultaneously in each member of the pair by the procedure of Ansell and Spanner (1965, 1968) . Acetone powder of the tissues were extracted with bicarbonate-buffered 25o/0 glycerol. The undialyzed extracts were incubated in triplicate with ethanolamine plasmalogen at 37~ for 3 h. The loss of plamalogen was measured by iodine addition (Gottfried and Rapport, 1962) .
The ethanolamine plasmalogen substrate was prepared from a human brain lipid extract by alkaline hydrolysis and column chromatography (Ansell and Spanner, 1968) . The column fractions were combined to give the best yield of plasmalogen with the least amount of contamination as judged by thin-layer chromatography (Horrocks, 1968; Horrocks and Sun, 1972) . The substrate contained 81~ 1-alk-l'-enyl-2-acyl-sn-glycero-3-phosphorylethanolamines (plasmalogcn), 15~ 1-alkyl-2-acyl-sn-glycero-3-phosphorylethanolamines, and 4~ of an unknown compound. The unknown phospholipid was chromatographically similar to the N-acetyl ethanolamine plasmalogen reported by Debuch and Wend~ (1967) . A column fraction enriched in the unknown compound was a substrate for bovine brain plasmalogenase (McMartin, unpublished results). Alkyl-containing compounds cannot be removed from preparations of the corresponding plasmalogens (Horrocks, 1972) .
Enzyme activities from distemper tissues were calculated as a percentage of the activity from the paired control tissue and statistically evaluated by the Student t-test for paired samples (Freund et al.) .
Results
The neurological signs of the diseased dogs varied considerably. Two dogs were moribund and three other dogs had posterior paralysis. All dogs exhibited rhythmic twitching of various muscle groups at some time during their clinical course. This rhythmic muscle twitching (canine chorea) is nearly diagnostic of the nervous form of canine distemper.
All diseased dogs had microscopically demonstrable brain lesions pathognomonic for canine distemper. a Little demyelination present in histological section immediately adjacent to sample assayed for enzymatic activity.
b Demyelination covered about 3 to 10~ of white matter area of adjacent section. e Demyelination covered 15 to 25~ of white matter area.
logenase activity to demyelination can be better understood by separating the brain samples into three groups (Table 1) . These three groups, "+", "-4-+" and "+ + +", were defined by the extent of demyelination present in a histological section immediately adjacent to the sample being assayed for plasmalogenase activity (MeMartin et al.) . Plasmalogenase activity was highest in the "Jr" group in which little demyelination was present. These tissues contained proliferating astrocytes and numerous microglial cells diffusely infiltrating the white matter. Many of the astroeytcs contained large intranuclear inclusion bodies. As the extent of demyelination increased (Table 1) , plasmalogenase activity decreased. It was estimated that up to 25~ of the myelin had been removed from the "d--~ +" group of samples and plasmalogenase activity in these tissues averaged only 770/0 of control levels. Gitter cells and reactive astrocytes were present in or near the areas of demyelination.
Discussion
The present study adds canine distemper to the list of demyelinating diseases in which plasmalogenase activity is elevated and further accentuatestheimportance of plasmalogenase in the process of demyelination. The mechanism of demyelination is unknown in the diseases previously associated with high plasmalogenase activities (Ansell and Spanner, 1968, 1970) . Vitamin B12-defieieney in monkeys and its prototype, subacute combined degeneration in human vegans, are associated with a lack of dietary vitamin Bi~. However, the role of this nutrient in the maintenance of myelin is not understood (Girdwood) . Likewise, the cause of demyelination in multiple sclerosis is also unknown. Epidemiological evidence suggests that a slow virus may be the etiological agent of multiple sclerosis (Leibowitz) .
The mechanism by which the canine distemper virus produces demyelination is also unknown. Acute viral encephalitis was produced in the majority of dogs by experimental infection with a virulent strain of distemper virus (Appel; Gillespie et al.) . Viral antigen was demonstrated in glial cells and other cell types in most infected animals but demyelination was rarely observed (Appel; Gillespie et al.) .
Distemper infection of canine cerebellar explants resulted in myelin destruction before detectable neuronal changes occurred. It was not determined if demyelination was due to a direct action of the virus on the cells or due to secondary influences (Storts et al.) .
The present results suggest that an increase in plasmalogenase is an early event in the process of demyelination. Plasmalogenase activity was highest in infected tissue with the least extent of demye]ination ("~-" group, Table 1 ). This finding suggests that an early event associated with viral action on nervous tissue and not phagocytic activity following tissue destruction caused this enzyme elevation. Since plasmalogen in nervous tissue is in a dynamic state of being continuously formed and broken down (Horrocks, 1969) , any increase in the rate of catabolism by plasmalogenase should then result in a net loss of plasmalogen from myelin. The product of plasmalogenase catabolism is lysophosphatidyl ethanolamine (Anselland Spanner, 1965) . This compound, which has detergent properties and can rupture cell membranes (Gottfried and Rapport, 1963) , could dissolve myelin and release the antigenic myelin brain protein (Gregson et al., Seitelbergcr) . Concurrently with the loss of myelin, plasmalogenase activity decreased, perhaps because the source of plasmalogenase, the normal glial elements of white matter (Ansell and Spanner, 1968) , had also disappeared. Sci. 122, 280--286 (1965) . Chen, T. T., Watanabe, I., Zeman, W., Mealey, J. Jr. : Subaeute sclerosing panencephalitis:
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